Six Holstein steers (313 f 10 kg BW) surgically fitted with hepatic portal, mesenteric venous, mesenteric arterial, and hepatic venous catheters were used in a replicated crossover design experiment to evaluate the feeding of Acremonium coemphiahm-infected fescue hay on portal-drained visceral and hepatic nutrient metabolism. Only four steers had functional hepatic catheters. Infected (INE) and endophyte-free fescue hays were harvested on the same day in May, at the soft dough stage of maturity, from a similar location in southeast Kansas. The hay was chopped through a 2.5-cm screen and fed in 12 portions daily. Intake was limited to 5.2 kg of DWd to equalize consumption. Each experimental period lasted 21 d. Dietary CP concentration was greater for INF than for EF (9.9 vs 8.6%); however, apparent digestibilities of DM (52.6%) and N (37%) were not different. Ruminal total VFA concentrations and molar proportions were not different with the exception of butyrate, which was increased (P < .lo) for steers when they were fed INF. Feeding of INF increased (P < .05) arterial p-hydroxybutyrate concentration and decreased (P < .lo) arterial butyrate concentration. Steers fed EF showed a greater (P < .05) portal-arterial concentration difference for acetate and an increased (P < .05) net portal flux of acetate (500 vs 620 mmol/h). No differences in net flux were noted for any of the other VFA, glucose, lactate, urea N, insulin, glucagon, or prolactin. Blood flow was not affected by treatment and averaged 689 and 904 liter/h for portal and hepatic blood flow, respectively. Data suggest that feeding INF resulted in relatively minor changes in ruminal fermentation and in the pattern of absorbed nutrients. 
Introduction
Tall fescue (Fesrucu urundinaceu Schreb.) is a perennial grass that grows well in much of the U.S. However, it is frequently infected with the endophytic fungus, Acremonium coenophiulum. Endophyte infection is associated with the presence of toxins that result in decreased performance of ruminants (Stokes et al., 1988) and summer syndrome (Hemken et al., 1984) , a condition related to high environmental temperatures. Some of the physiological changes occurring in ruminants fed endophyte-infected fescue have been identified (Hemken et al., 1984) ; however, mechanisms explaining why animal performance is lower than would be expected, based on forage quality, have not been described. Forage intake and digestibility have been evaluated (Goestch et al., 1987) for infexted and uninfected hay. Intake of infected hay decreased dramatically compared with uninfected hay and was accompanied by an increased digestibility. The differences in intake preclude an assessment of the effects of A. coenophiulum infection on digestibility. Sensenig et al. (1987) fed endophyte-infected hay to sheep and reported a decreased alimentary production of acetoace tate and p-hydroxybutyrate and a decreased hind-half release of & fatty acids under conditions of no heat stress, suggesting that endophyte infection may affect nutrient production and usage. These changes in metabolism of free fatty acids could be mediated through changes in insulin and glucagon, which have not been investigated in cattle.
The objectives of the present study were to evaluate nutrient usage and endocrine response in steers fed endophytefree (EF) and endophyte-infected (INF) fescue hay at equal DM intakes, under conditions of no heat stress conditions.
Materials and Methods
Six Holstein steers (average initial BW 313 f 10 kg) were used in a replicated cross-over design experiment to evaluate the influence of feeding A. coetwphiulum-infected fescue hay on portal-drained visceral and hepatic tissue metabolism. Steers were surgically implanted *Contained not less than .35% Zn, .28% Mn, . I 8 2 Pe, .04% Cu, .Ol% I, and .01% Co.
with hepatic, portal, and mesenteric venous catheters and a mesenteric arterial catheter (Huntington et al., 1989) . Before surgery, feed and water were withheld for 48 and 24 h, respectively. Anesthesia was induced by intravenous injection of sodium thiamylal and steers were intubated and maintained with halothane in 02. Approximately 3 mo elapsed between surgery and the start of the experiment. Steers were in good health based on rectal temperature, which was monitored daily before the morning feeding, with normal appetites and behavior. Steers were housed in a tiestall barn with free access to water and trace-mineralized salt blocks*. The experiment was conducted from October through December and animals were subjected to ambient temperatures except that supplemental heat was provided to maintain temperature above 12'C at all times.
Acremonium coenophiulum-infected and endophyte-& tall fescue hays were harvested at the soft dough stage of maturity on May 11, 1987, from adjacent 2.02-ha pastures in Mound Valley, Kansas. Each pasture had received 90 kg of N, 20 kg of P, and 38 kg of Wha in late January. Endophyte infestation was determined to be 65% as described by Bacon et al (1977) . Each hay was chopped through a 2.5xm screen and was fed to provide equal DMI (chosen to maximize intake of INF) in 12 equal portions daily using an automatic feeding system. Feed samples were collected daily and composited for analysis of CP (AOAC, 1984) , NDF (Goering and Van Soest, 1975; Jeraci et al., 1988) , ADF (Van Soest, 1963) , and ergovaline (Rottinghaus et al., 1990) . The hays exceeded the requirements for maintenance of growing beef cattle (NRC, 1984) for CP, Ca, and P. Steers gained an average of .6 kg/d during the experiment.
Each experimental period lasted 21 d. Daily fecal grab samples were taken from each steer during the final 5 d of each period to determine digestibility, using indigestible ADF as a marker (Cochran et al., 1986 ). Blood samples were collected hourly from o900 to 1300 on the final 2 d of. each period. A primed-continuous infusion (.7 Nmin) of pamhohippurate (PAH, 1W, pH 7.4) into the mesenteric venous catheter was started at 0800 each day and continued throughout the sampling period to estimate blood flow. Simultaneous samples (30 ml each) of arterial, portal, and hepatic blood were collected into heparinized syringes, transferred to tubes containing NaF (2 mdml blood) and placed on ice for transport to the laboratory. Between samples, catheters were refilled with a volume of heparinized saline (20 U/ml) to approximate their luminal volumes (2 to 4 ml).
At the laboratory, 1 ml of blood was combined with 2 ml of heparinized water (20 U/ml) and analyzed immediately for PAH. Two 3-ml aliquots were composited within animal and sampling site and across time in separate vials for determination of concentrations of lactate, P-hydroxybutyrate, VFA, and hemoglobin. The portion of blood for lactate and P-hydroxybutyrate analyses was deproteinized with one-tenth volume of 6 N HC104, mixed, and centrifuged (15,000 x g, 4'C). Ten milliliters of the supernatant fluid was transferred to a second test tube and made alkaline by addition of .91 ml of 6 N KOH, centrifuged, decanted, and stored frozen (-20°C) until it was analyzed. The portion of composited blood for VFA and hemoglobin analysis was stored frozen. The remaining portion of blood from each sample was used for microhematocrit analysis by centrifugation of capillary tubes, and the remainder was centrifuged to harvest plasma. One milliliter of plasma was then combined with 2 ml of water and analyzed for PAH. Two 1.4-ml aliquots of plasma were combined with 50 p1 of 1.05 M benzamidjne (Ensinck et al., 1972) in separate microcentrifuge tubes and stored frozen (-8WC) for analysis of insulin and glucagon (Gross et al., 199Ob) and prolactin (Klindt et al., 1985) . The remaining plasma was stored frozen (-20°C) for analysis of ammonia, urea, a-amino N, and glucose. During the last blood sampling each day, a set of 3-ml blood samples was taken in heparizined syringes for blood gas analysis. Immediately after the last blood sampling, 100 ml of ruminal fluid was collected by stomach tube. Ruminal pH was measured directly using a combination electrode; 10 ml of ruminal fluid was deproteinized by addition of 2 ml of 25% metaphosphoric acid, and the Supernatant was used for VFA analysis. Methods for all analyses not listed above have been described previously .
Means were generated for each day's blood samples and analyzed using the GLM procedure of SAS (1 985) with a model that included square, animal within square, period within square, and treatment (Cochran and Cox, 1957) . Calculations for net flux were performed using daily means as described previously . Data for portal blood flow and net flux include six steers per treatment; however, because function of hepatic catheters was lost in two steers shortly after surgery, data for hepatic flux contained four steers per treatment.
Results
Intakes were limited to ensure complete and equal consumption and were not different between hays (Table 1) . Digestibility of DM and CP were not affected by type of hay. Analysis indicated that forage quality was similar for the two hays, with similar NDF and ADF concentrations and a slightly higher CP concentration for INF. Analysis for ergovaline indicated that EF contained a nondetectable amount, whereas INF contained 134 ppb on a DM basis. No changes were seen in rumen pH or in any of the VFA, with the exception of butyrate. The molar percentage of butyrate was greater (P = .OS) when steers were fed INF. There was a tendency for greater acetate proportions (P = .14) and lower propionate proportions (P = .12), which gave a higher (P = .W) acetate/propionate when steers were fed EF.
Arterial hematocrit and blood pH were unchanged by type of hay ( Table 2 ). The arterial concentration of ammonia N was greater (P = .05) in steers receiving EF. The arterial concentration of p-hydroxybutyrate was lower (P = .04) but the arterial concentration of butyrate was higher (P = .09) when steers were fed EF. None of the arterial concentrations of the other metabolites, insulin, glucagon, or prolactin were altered by type of hay.
The portal-arterial concentration difference (Table 2) of acetate was greater (P = .04) when steers were fed EF, whereas none of the other portal-arterial differences was affected. The hepatic-portal concentration difference for lactate was slightly greater (less negative; P = .07) when steers were fed EF. None of the other hepatic-portal metabolite differences measured was changed by type of hay.
No changes were seen in portal or hepatic blood flow in response to treatment (Table 3) . The net portal flux of acetate was greater (P = .04) for steers fed EF, however, the portal fluxes of all other metabolites and hormones Oxygen consumption accounted for approximately one-third of the portal energy flux and was greater for the INF-fed animals. Total portal energy flux was greater (P = .08) for steers receiving EF, largely because of the increased net acetate flux.
Discussion
The diminished response in animals fed endophyte-infected forage has not been attributed to differences in digestibility (Hemken et al., 1979) . However, animals consuming infected forage often exhibit reduced feed intakes, making digestibility comparisons difficult. Schmidt et al. (1982) reported no difference in in vitro DM disappearance for infected and uninfected forage. This result agrees with the present study, in that when the two forages were fed at equal DMI, DM digestibility was not different. Values for ergovaline concentrations were lower than those reported previously for low-and highendophyte infected forages (Belesky et al., 1988) . Belesky et al. (1988) used a different analytical procedure, and although their actual ergovaline concentrations were greater, the differences between their high-and lowendophyte forages early in the year were similar to the differences obtained in the present study. These differences, along with data from animals grazing the same pastures from which these hays were harvested showing that the I N F forage reduced body weight gains (Coffey et al., 1988) , indicated that we did use high and low-endophyte infected forages.
Rectal temperature was not affected by treatment (data not shown). The absence of elevated rectal temperatures in the INF steers was probably the result of the moderate environmental temperature because body temperature elevation seems to correspond to environmental temperature (Hemken et al., 1981) . ~reatments differ (P = .04). %eatments differ (P = .09). 'ND = nondetectable. dTreatments differ (P = .05). Vreatments differ (P = .07). %reatmenti differ (P = .08).
-rreammts m e r (P = .09). Greater total ruminal VFA concentrations were measured for heifers grazing the low-endophyte pasture in June; however, the molar proportions of VFA were not different at either sampling time. It is Micult to relate the ~m i n a l VFA results from the present study to these data, however the changes seen in ruminal VFA concentrations in the present study may relate to the alterations measured in blood metabolites. When steers were fed EF ruminal acetate/propionate increased and there was a greater portal-arterial acetate difference (Table 2 ) and greater PDV acetate net flux (Table 3) . However, ruminal acetate concentration was not different, which may suggest that the change in acetate net flux was the result of a change in acetate usage by gut tissues. Gross et al. (199Oa) reported that in lambs maintained by total intragastric infusion, only 47% of ruminally supplied acetate appeared in portal blood, suggesting extensive acetate metabolism by gut tissues. The decrease in oxygen consumption by PDV tissues in steers fed EF supports the idea of a decreased gut metabolism when steers were fed EF. However, changes in oxygen consumption were mainly due to small changes in blood flow (Table 3) . because portal-arterial differences for oxygen were identical (Table 2) . Also, the uncharacteristically small SE for PDV oxygen consumption Vable 3) may indicate that this difference is of little biological importance. Despite the greater portal acetate flux when steers were fed IF, there was no difference in total splanchnic acetate flux due to an apparent (P = .23) decrease in net hepatic flux (Table   3 ). This apparent decrease in hepatic acetate flux was accompanied by an increase in hepatic extraction of propionate (P = .06), 74 and 78% when steers were fed IF and EF, respectively.
%D = nondetectable.
The lack of treatment effects on portal and hepatic blood flow is consistent with previous results in sheep fed INF forage for up to 8 d (Sensenig et al., 1987; Zanzalari et al., 1989) . However, Zanzalari et al. (1989) reported increased portal and hepatic blood flows after 11 d of INF feeding at 8 to 19'C ambient temperature. These changes in blood flow were accompanied by elevated rectal temperatures and a 2.7-fold increase in respiration rate. Symptoms of fescue toxicity that have been attributed to changes in blood flow to peripheral organs have generally been associated with the winter months (Hemken et al., 1984) . However, Rhodes et al. (1989) demonstrated that consumption of endophyte-infected fescue decreased blood flow to the peripheral tissues and some deep body organs. One important difference was that the lambs of Rhodes et al. (1989) were maintained at 32'C ambient temperature, which may have produced effects not seen in the present study or the study by Zanzalari et al. (1989) .
The decreased ruminal proportion of butyrate in steers fed EF (Table 1) was paralleled by a decreased arterial P-hydroxybutyrate concentration (Table 2) . Because neither portal, hepatic, nor total splanchnic production of j3-hydroxybutyrate was altered by diet (Table 3) , the decreased arterial concentration may have resulted from increased usage by peripheral tissues. Sensenig et al. (1987) also reported decreased arterial concentrations of phydroxybutyrate in ewes fed endophyte. However, they attributed the decrease to decreased portal and total splanchnic release of phydroxybutyrate, changes that were not seen in the present study ( Table 3) .
The increased arterial ammonia N concentration for the EF-fed steers is difficult to explain. Dietary CP concentrations favored the INF diet, and no differences in any of the other measures of N metabolism were noted between treatments. Arterial ammonia N concentrations were in the range of normal values, and the difference because of treatments was relatively small. These changes may be due to altered metabolism of amino acids by peripheral tissues, as was suggested for p-hydroxybutyrate.
The absence of a measurable difference in arterial prolactin concentration (Table 2) may be explained by the lack of elevated environmental temperature in the present study. Hurley et al. (1981) measured jugular prolactin concentrations in calves fed infected and uninfected fescue-based forages at three environmental temperatures (10 to 13T, 21 to W C , and 34 to 35'C). Calves receiving the infected forage had lower serum prolactin concentrations at all three temperatures; however, the difference was much greater at the highest temperature. Also, the greatest change in prolactin concentration due to temperature was in the calves fed the uninfected forage. Arterial prolactin concentrations in the present study were similar to values reported previously by Schillo et al. (1988) and Hurley et al. (1981) for steers fed infected forage but much lower than those reported by Thompson et al. (1987) . The latter authors suggested that stimulation of prolactin release by administration of thyrotropin releasing hormone may be necessary to detect differences from endophyte feeding late in the grazing season (after October).
Comparative values for the distribution of portal energy flux in cattle consuming moderate-to lowquality forages are not available. Data for steers fed high-concentrate diets (Gross et al., 1988) indicate that 40% of ME intake appeared in the portal blood as VFA. Net VFA flux accounted for 39% of ME intake in the present study. Both values agree with the 39% reported by Huntington and Prior (1983) for heifers fed a highconcentrate diet.
The total daily energy accounted for as portal flux averaged 9.3 Mcal (Table 4) , which equates to 80% of the calculated ME intake. Oxygen consumption accounted for 30% of the total energy flux in portal flux measurements. This percentage is higher than the 23 to 27% reported by Huntington et al. (1988) for steers fed alfalfa or orchardgrass silages or the 18% reported by Reynolds et al. (1988) for lactating dairy cows. The greater value in the present study may represent the increased physical work associated with digestion and fermentation of a lowerquality forage than has been fed in previous studies. The changes in nutrient flux in cattle fed infected and endophyte-free fescue hays suggest minor differences in digestion and fermentation patterns of the two forages. This conclusion is supported by similar total tract digestibilities for DM and CP and only minor changes in ruminal fermentation Fable 1). These data suggest that reduced performance in animals fed INF is predominantly related to physiological effects that may reduce feed intake. not to limitations on diet digestion and absorption.
Implications
Our chemical analysis indicated minor differences in forage quality of infected and endophyte-free fescue hays. When limited to equal dry matter intakes, both hays were apparently fermented and digested similarly, yielding only small changes in nutrients available for animal growth. Data indicate that declining animal performance with endophyteinfected hays is probably associated with decreased feed intake. 
